
Environmental Effects of Dinoflagellate Blooms:

Is Molybdenum the Key?

by

Richard R. Barnett

Department of Wildlife & Fisheries Sciences

Submitted in Partial Fulfillment of the Requirements of the

University Undergraduate Fellows Program

1984 - 1985

Approved by:

Thomas L. Linton

April 1985



Abstract

It has been hypothesized that there is a positive

correlation between an increase in the molybdenum content

of seawater and the onset of dinoflagellate blooms,

commonly known as red tides. This hypothesis is based

on the fact that red tides in Western Florida waters

are often preceeded by blooms of certain nitrogen-fixin�

alagae, which require molybdenum as part of the nitrogen

fixing process (Martin 1983).

Tests were conducted in an attempt to determine

if molybdenum is an essential micronutrient and, if

so, determine at what level it becomes limiting for

RG-l dinoflagellates. No correllation was found between

the presence or absence of molybdenum and the growth

of RG-l.
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Introduction

"Red tide" is a water condition caused by the rapid

population increase ("bloom") of certain dinoflagellate

algae. The organisms may become toxic as they grow older

rendering fish and shellfish inedible. Massive fish

kills often follow the inevitable population crase of

the dinoflagellates as resources become limiting.

Red tide has been with mankind since earliest

recorded history. The curse of water turning to blood,

visited upon the Egyptians in Biblical times, was probably

a red tide outbreak (Martin 1980). Red tides have occurred

periodically off the west coast of Florida, one of

the most recent being in November, 1980. These out-

breaks occur world-wide, from the tropics to the polar

seas (Thomas 1979). They cause great environmental

damage, as well as financial loss in developed areas

due to loss of tourism and reduction of fish catches.

An understanding of what causes red tides and what condi

tions are required for them to exist is essential if

we are to be able to predict or perhaps even control

them. It should be noted, however, that some resear

chers question shether or not control would be advisable,

This paper has been prepared in the style outlined for

the journal Bios.
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as the dinoflagellates may be required for the stability

of the marine ecosystem as fire is for the maintainance

of the arassland ecosystems on land (Steidinoer 1983).

Much research has been and is being done with regards

to the environmental requirements for dinoflagellate

blooms. Martin (1983) reports that the optimum growth

of Ptycodiscus brevis (formerly Gymnodinium breve) ,

the Florida red tide organism, occurs at salinities

between 30 and 40o�o Finucane (1964) states that the

most favorable temperature ranae for P. brevis blooms

is 14.0° - 25.9° C.

Some work has concentrated on potential nutrient

requirements for the blooms, as well. A causal relation

ship was observed between land runoff and red tides

in the early 1950's. With laboratory tests, it was

shown that the addition of various substances, notably

chelated iron, stimulated orowth of P. brevis (Steidinger,

Burklew, & Ingle 1972). Martin (1983) suagests the

possibility that molybdenum, a trace element in seawater,

may play some role in the blooms, as well. He based

this idea on the fact that blooms of blueqreen algae

(which require molybdenum for the nitrogen fixation

process) have been observed preceeding red tide outbreaks

in west Florida waters. As it has been reported that

molybdenum may play a role in the blooms of some fresh

water phytoplankton (Goldman and Horne 1983), it was
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decided that this micronutrient merited furthur investi

gation. The purpose of this research was to attempt

to determine the level (if any) at which molybdenum

becomes limiting in certain marine dinoflaaellates.

Materials and Methods

Initial cultures of Ptycodiscus brevis in NH 15

medium and 20 ml culture tubes were obtained from Dr.

Sammy Ray of Texas A&M University at Galveston. These

were placed in a wire rack approximately 36 cm below

a single Westinahouse FI5T12/CW fluorescent tube. The

cultures were kept at 23°C arid given constant liqhting,

which was evenly distributed to the tubes by means of

aluminum foil placed beneath the test tube rack. No

significant growth was noted in the tubes over a two

week period, so arranaements were made to obtain fresh

stocks from Dr. Ray. These stocks were handled in the

same manner, and they too failed.

After furthur consultations with researchers in

the laboratory of Dr. Greta Fryxell, it was decided

to attempt to develop a substantial stock culture of

a not yet fully described dinoflagellate desiqnated

RG-l. RG-l was being cultured successfully and studied

by graduate student Rick Gould of the Texas A&M University

Department of Oceanography. The author prepared two

500 ml Pyrex Erlenmeyer flasks by an acid-washing

procedure which included a soaking in BCL followed by
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three distilled-water rinses and three double glass

distilled water rinses. Gould then inoculated a starter

culture of RG-1 in one of the flaks, using f/2 medium

which was currently being used successfully in Dr.

Fryxell's laboratory. The author placed this culture

under the previously described lighting scheme and left

school for the Christmas holidays, returning to check

on the cultures the following week. At this time the

cultures showed some growth, although not what was expec

ted based on previous experiences of the laboratory

personnel. Gould suggested that the culture be placed

in the indirect sunlight available in the warm-culture

room of the oceanography department, and this was tried.

The result �as a strong growth of the culture within

a week.

After-this culture had matured, the author attempted

a transfer to start another stock of RG-1. This second

stock culture was placed in the same liqhting situation

as the first, and the results were once again successful.

Once stock cultures were successfully being grown,

preparations were made for the experimental run. First,

a series of five new 250 ml Pyrex ErlenMeyer flasks

were acid washed as described previously. After this

was completed, work began on the test media. The basic

stock of the medium was the standard f/2 formula as

described by Guillard (1975), less the trace metal
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solution. A special trace metal stock, lacking in moly-

bdenum, was prepared and added to the basic stock. A

molybdenum stock solution was then prepared. To each

of the five flasks was added 99ml of the modified f/2

medium (no molybdenum), after which the molybdenum was

added in serial dilution fashion. The molybdenum concen-

trations in each flask are presented in tabel 1. Table

2 shows the modified f/2 medium.

Each test flask was inoculated with 2 ml of stock

RG-l. The flasks were placed under a second fluorescent

light set up (continuously on) which was currently being

successfully used by other workers, as the previously

used culture room was unavailable at the time. The

new lightinq scheme consisted of a pair of fluorescent

tubes (G.E. Cool White F400W-R5-WM) suspended 60 cm

above the culture flasks, which were placed on aluminum

foil. The room temperature was held at 23°C. Each

day, 2 ml samples were drawn from each test flask. The

samles were placed in glass vials and fixed with Luqol's

solution at a concentration of 2 �l per milliliter of

sample. Counts were made from these samples with a

hemacytometer. The experiment was then repeated in

the warm culture room under natural sunliqht conditions

(as previously described) once this aqain became available.
-

.



6

Results

No growth was noted in any of the test cultures

at any time during the six days of the first experimental

run. Occasional cell debris was noted in a very small

number of the hemacytometer fields which were counted,

but no pattern was evident.

Successful growth was noted in all of the test

cultures of the second experimental run. The results

were analyzed with the correlation coefficient test

for significance. A correlation coefficient value of

0.591 was calculated for the data (where I = perfect

positive correlation).

Discussion

The data from the second experimental run would

suggest that there is very little correlation between

molybdenum levels and po�ulation qrowth in the dinofla

gellate RG-I, indicating that it is not a critical micro

nutrient. Other possible explanations exist, however.

It is possible that the organisms exhibit some type

of luxury consumption activity for this nutrient, storinq

it for later use. It is also possible that it is needed

only in very small quantities which miqht leach from

qlaEsware or enter the system through other unintentional

contamination. More work is needed before it may be

conclusively stated that molybdenum is non-essential

for the growth of RG-I.
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I � As for why the first te�t run failed to show any

growth, it is this worker's belief that the problem

was associated with the lighting conditions. More work

is needed in this area, however, as little is known

specifically of RG-1's liqhting requirements.

Table 1

Experimental Design

Flask Number Molybdenum Concentration ( WM)

1 0.03 (Standard F/2)

2 0.003

3 0.0003

4 0.00003

5 0 (Control)

Table 2

Modified f/2 Medium

(Modified from Guillard 1975)

Major Nutrients

NaN03

NaH2P04· H20

Na2Si03
.

9H20
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Table 2 (cont.)

Trace Meta.ls

Ferric Citrate + EDTA 11. 7 flM

CUS04 · 5H20 + EDTA 0.04 flM

znS04 e 7H2O + EDTA '0.08 flM

CoC12 · 6H2O + EDTA 0.05 flM

MnC12 · 4H2O + EDTA 0 .. 9 flM

Vitamins

Thiamin HC1 0.1 mg

Biotin 0.5 flg

B12 0.5 flg

Filtered open-ocean seawater and double-distilled

water to make one liter at 30��o

Molybdenum Stock Solution

0.3 flM
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